Testudo graeca is one of the two species of tortoises from Romania, the other one being Testudo hermanni. It is well known that this species has a broad but fragmented distribution range and this fact labels this species as Vulnerable in the IUCN Red List. The population of Testudo graeca ibera from the Natura 2000 site "Marine dunes from Agigea" is characterized by a high percentage of injuries (84%) from the total of 43 individuals found alive. A high percentage of individuals have injuries on all the plates from carapace and plastron. All lesions appear to be chronic, suggesting that there is a series of predisposing factors, such as: inadequate terrain (concrete, metal, broken glass and other hard objects), high-density dog population and coprophagia, which could be a sign of unbalanced nutrition. This is the first report of a population of Testudo graeca which has such a high percentage of individuals with shell damage.
introduction
Diseases are significant factors that lead to species decline worldwide (Smith at al., 2009) . Some reptile populations are already experiencing catastrophic declines due to disease-induced mortality (Jacobson, 1993) . In chelonians, diseases have been frequently reported due to trauma (burns or fractures), malnutrition (calcium-related failure, vitamin D3 or environmental lighting), metabolic/genetic factors and a variety of bacteria or fungal infections (Keymer, 1978a, b; Frye, 1991; Homer et al., 1998; Lafortune et al., 2005; Barten, 2006; Mader, 2006a, b; Adkesson et al., 2007) . Injuries on the tortoise's carapace and plastron are often observed in the wild, but most of the cases are relatively mild (Buică et al., 2014) . Skin and shell infections are caused by either bacteria or fungi (Mader, 2006a) and all the disturbances occurring in the life of a tortoise are inscribed as a message on its shell (Lynn & Ullrich, 1950) .
The spur-thighed tortoise (Testudo graeca Linnaeus, 1758) has a broad but fragmented distribution range, comprising regions from southern Europe, North Africa and the Middle East. Many of species' populations are isolated, some of them being apart from one another at a distance of tens of kilometers. The species is protected by the European (European Directive 92/43/EEC) and Romanian legislation (Law 13 of 1993, Government Emergency Ordinance no. 57/2007). At the same time, at a global level, it is listed as Vulnerable (VU) in the IUCN Red List (Tortoise & Freshwater Turtle Specialist Group, 1996) , while in Romania it is considered endangered, due to its restricted range (found only in south-eastern Romania), habitat destruction, poaching and deliberate persecution (Iftime, 2005) .
In this paper, we present a case study on an isolated population of spur-thighed tortoise from Romania, with a remarkably high incidence of shell damage, and explore the possible causes for the injuries as well as implications for conservation.
materials and methods
The Natura 2000 site "Marine dunes from Agigea" (ROSCI0073) is located in the central-eastern extremity of Constanța County, Romania, at about 200 meters from the Black Sea shore (Fig. 1) . It is the only habitat of marine dunes located outside the Danube Delta Biosphere Reserve, preserved in the Romanian Black Sea coast. The climate is temperate continental with an average annual temperature of 11.2° C and 300-400 mm annual rainfall. In this area, sandy soils predominate and the vegetation installed is characteristic of the xerophyte and xeromesophyte vegetation communities ( Fig. 2A-B) . A small part of this protected area is covered by concrete bunkers from World War II (Fig. 2C-D ) and the entire area is surrounded by a concrete fence with very few opportunities for entry and exit of animals ( Fig. 2E-F) . Tortoises have occurred naturally in the area, at least since the 1960's (Andriescu, I., pers. com.), but we describe the current population as "isolated" as many individuals were introduced in the reserve from the entire continental Dobrogea, and because the connectivity to other populations is surely impeded by the concrete fence.
This study was conducted in May 2015 and September 2016, tortoises were actively searched (by one person every day) using diurnal transects in time interval 8 A.M. -19 P.M. For each captured individual, we determined age class, sex, straight carapace length (SCL) and body weight (BW). The individuals were sexed based on external morphological characters (Carretero et al., 2005) and we used a threshold of 100 mm in SCL to separate juveniles and subadults from adults (Strubbs et al., 1984) . The individuals were photographed and data were collected on the spot. After these procedures, the animals were released in the same place where they had been captured. 
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Diagrams were performed using the programs Past 3.01 (Fig. 4) and Microsoft Excel (Fig.5 ) and the map was made using ArcGIS Desktop 9.3 (Fig.1) .
results and discussion
During the study, we found 46 tortoises, of which three were dead. We did not recapture specimens previously encountered. Of the live tortoises, 38 presented injuries on carapace and plastron and the rest of five were healthy. Thus, a high percentage (84%) of the sample presented external injuries. Apart from the three dead tortoises, the remaining 38 displayed no signs of human-inflicted injuries (Fig.  3) . Regarding the age structure of population, we found 41 adults (25 males and 16 females) and two subadult individuals. The differences between males and females, from SCL and BW point of view, are shown in Fig. 4 .
The highest percentages of natural and human-caused injuries (35.78% of a sample of 109 individuals and 35% of a sample of 580 individuals) in populations of Testudo graeca from Romania were reported in Dumbrăveni Forest Natural Reserve and Măcin Mountains National Park (Buică et al., 2014) . Comparing with our data, all individuals from Agigea displayed only natural injuries. We observed that a significant percentage of individuals has all the plates affected by injuries (for example individuals from Fig. 3 ), as can be seen 11 individuals (31% from the total) had between 35-37 affected carapace plates (Fig. 5A) . While on the plastron the number of affected plates was significant, as can be seen 11 individuals (31% of the total) had between 9-12 affected plastron plates (Fig. 5B) . On both sides of the shell, males have the largest number of affected scutes, 8 individuals with 35-37 affected carapace plates (Fig. 5A ) and 9 individuals with 9-12 affected plastron plates (Fig. 5B ). Males have a higher rate of injuries on both the carapace and plastron (Fig. 5 ) probably due to battles between males or their higher mobility during reproduction periods.
We observed unequal adult sex ratio (1.56:1 -male to female, which differ from the expected 1:1) and the presence of the subadult individuals is very low (just two subadult individuals from the total of 43) and this fact is probably caused by the small size, camouflage colors, dense vegetation and less active behavior (Buică, 2011) .
The pathology encountered had several common patterns: traumatic lesions either on the lower or upper shell or both, the protective keratin layer is discontinued and an overlapping bacterial invasion starts to multiply. All lesions appear to be chronic, suggesting that there is a series of predisposing factors, such as inadequate terrain (concrete, metal, broken glass and other hard objects) and high-density dog population. Various species of chelonians, especially the herbivores, have been observed (both in the wild and in captivity) to consume dog feces (McArthur et al., 2004) and we have also noticed this to T. graeca ibera from Agigea. This behavior facilitates the transmission of pathogenic bacteria, protozoa, viruses and parasites (McArthur et al., 2004) .
Pathologies can be described by identifying key features on different parts of anatomical segments of the shell. Physical pattern evidence includes primary lesions like abrasions, puncture wounds and lacerations followed by infection. The observed lesions have a tendency to chronicization (comparing recent lesions with old lesions). The interacting and overlapping behavioral and ecological factors could offer an explanation for the localization of the lesions. Most plastron lesions consist of abrasions, which might be closely associated with the nature of the environment: concrete, metal and other hard objects (Fig. 3C) . While most carapace findings (puncture wounds, lacerations, abrasions, ulceration) imply that they probably represent canine 
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bite marks (several feral dogs were observed in the nature reserve) (Fig. 3D ). Both elements showing bite-mark-like deformities usually involves the edges of the shell while abrasions are associated with the prolonged inappropriate surface contact. Several important functions of the shell are altered by traumatic injuries, for example protection from predators, camouflage, shelter for aestivation or hibernation, heat storage, fat storage, calcium storage, protection the body against sudden temperature changes (Cebra- Thomas et al., 2005) .
Although a large variety of bacteria can live on tortoise shell, those that are mainly associated with keratin degradation can also reasonably be linked with shell degradation because the scutes that comprise the outer shell layer are composed of keratin (Valerie et al., 2008 ). Tortoise's shell (the bottom side) are occasional in close contact with warm and damp soil (Auffenberg, 1969) and once the keratin layer discontinued, bacteria gain access to ideal growing conditions (Ultsch & Anderson, 1986; Valerie et al., 2008) .
It is the first time when a population of Testudo graeca presents such a highest number of individuals with shell damage. The presence of these injuries in such a high density should be a warning for the authority in charge with the conservation of the studied site.
We consider conservation measures: (1) stopping dogs from accessing the protected natural area; (2) elimination of the metal, broken glass and all the hard objects and (where it is applicable) covering concret surface with soil; (3) stopping uncontrolled releases of individuals of Testudo graeca ibera in nature, including "Marine dunes from Agigea"; (4) performing microbiological analysis to establish the role of bacteria and fungi in the pathogenesis of the observed lesions; (5) performing genetic analysis to establish if inbreeding have an important role in lower population resistance to pathogens. 
